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METHOD OF SYNTHESIZING DIVERSE CO LLECTIONS OF OLIGOMERS 

FIELD OF THE INVENTION 
The present invention relates generally to stochastic methods for 
5 synthesizing random oligomers, with particular emphasis on particle-based synthesis 
methods. The invention also relates to the use of identification tags on the particles 
to facilitate identification of the oligomer sequence synthesized. Yet another aspect of 
the invention relates to the use of tagged oligomer libraries in receptor-binding 
studies. 

10 

BACKGROUND OF THE INVENTION 
The relationship between structure and activity of molecules is a 
fundamental issue in the study of biological systems. Structure-activity relationships 
are important in understanding, for example, the function of enzymes, the ways in 

1 5 which cells communicate with each other, and cellular control and feedback systems. 

Certain macromolecules are known to interact and bind to other molecules having a 
very specific three-dimensional spatial and electronic distribution. Any large 
molecule having such specificity can be considered a receptor, whether the molecule 
is an enzyme catalyzing hydrolysis of a metabolic intermediate, a cell-surface protein 

2 0 mediating membrane transport of ions, a glycoprotein serving to identify a particular 

cell to its neighbors, an IgG-class antibody circulating in the plasma, an 
oligonucleotide sequence of DNA in the genome, or the like. The various molecules 
that receptors selectively bind are known as ligands. 

Many assays are available for measuring the binding affinity of known 

2 5 receptors and ligands, but the information that can be gained from such experiments 

is often limited by the number and type of available ligands. Novel ligands are 
sometimes discovered by chance or by application of new techniques for the 
elucidation of molecular structure, including x-ray crystallographic analysis and 
recombinant genetic techniques for proteins. 

3 o Small peptides are an exemplary system for exploring the relationship 

between structure and function in biology. A peptide is a polymer composed of 
amino acid monomers. When the twenty naturally occurring amino acids are . 
condensed into polymeric molecules, the resulting polymers form a wide variety of 
three-dimensional configurations, each resulting from a particular amino acid 
3 5 sequence and solvent condition. The number of possible pentapeptides of the 20 
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fnrP^mole is 205 or 3.2 nulUon different peptides- 

eel by ^ sw * r ^^s: 

^Indy useful pharmaceutical produce Of course, Urg* pepbdesmay be 

icavity -^JL-ol drug discovery is one type o f research tha, reiies on 
<«dles of smcrare-arfvityrektionshlps. In most cases, contemporary 
SSHSL* 1 be described as the process of discovering nove! hgands 

^ is reselch .0 discover new compounds for use in agnculture, such as 
prides of preparing large number, of different ohgomers have 

been parnstaHngly s.o„ when used a. . scaie suffiden. ,0 1^ «-» - ^ 
Som screening! For example, the «W medmd a**** L^iO, 
<*e 85-2149-2154 (1963), which is incorporated herem by reference) has been used 

P^ddes on a solid support. In the Merrideld method, an ammo - 
"^ybondednoasupporimadeofaninsomblepo^er. ^.™ d 
"tan iha proved group is reacted with fine covalendy bonded — « I » 
C a dipeptide. The proteerive group is removed, and a tad ammo aerd wrft » 
SX. JSSh. group is edded .0 the dipeptide. This process is condoned un* a 
S£Z?JL .Lg* and sequence is obtained. Using the 
Z carmo. economically and practMy synthesize more than a few peptide 

^encesfa of oligomer seque nces. others have 

proposed the use of . series of reaction vessels for oligomer synthesis. For • 

reactor system may be used to synthesize a 
support by automated sequential addition of reagents. Thrs method still *• »* 

the synthesis of . sufiidendy large number of oligomer sequences for etfecnve 

of preparing . pluraliby of oligomer sequences are also lenown 
fa which a foraminous container encloses a known quantity of reactive sohd 
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supports, the solid supports being larger in size than openings of the container. See 
U.S. Patent No. 4,631,211, incorporated herein by reference. The containers may be 
selectively reacted with desired materials to synthesize desired sequences of product 
molecules. As with other methods known in the art, this method cannot practically 
5 be used to synthesize a sufficient variety of polypeptides for effective screening. 

Other techniques have also been described. One bead-based method is 
described in PCT patent publication No. 92/00091, incorporated herein by reference. 
These methods include the synthesis of peptides on 96 plastic pins that fit the format 
of standard microtiter plates. See PCT patent publications 84/03564; 86/00991; and 
1 0 86/06487, each of which is incorporated herein by reference. Unfortunately, while 
these techniques have been somewhat useful, substantial problems remain. For 
example, these methods continue to be limited in the diversity of sequences which 
can be economically synthesized and screened. 

Others have developed recombinant methods for preparing collections 

1 5 of oligomers. See PCT patent publication Nos. 91/17271 and 91 /19818, each of which is 

incorporated herein by reference. In another important development, scientists 
combined the techniques of photolithography, chemistry, and biology to create large 
collections of oligomers and other compounds on the surface of a substrate. See U.S. 
Patent No. 5,143,854 and PCT patent publication Nos. 90/15070 and 92/10092, each of 

2 0 which is incorporated herin by reference. 

In the recombinant and VLSIPS™ combinatorial methods, one can 
uniquely identify each oligomer in the library by determining the coding sequences in 
the recombinant organism or phage or by the location of the oligomer on the 
VLSIPS™ chip. In other methods, however, the identity of a particular oligomer may 

2 5 be difficult to ascertain. What is needed in these latter methods is an efficient and 

simple-to-use method for tagging each particle. Although tagging methods have been 
developed for large objects, see PCT patent publication Nos. 90/14441 and 87/06383, 
each of which is incorporated herein by reference, such methods are still needed for 
combinatorial libraries of oligomers. 

3 o From the above, one can recognize that improved methods and 

apparatus for synthesizing a diverse collection of chemical sequences would be 
beneficial. 



SUMMARY OF THE INVENTION 
The present invention provides a general stochastic method for 
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on solid supports, or parades, tat =»>- monomsrs. the 

»<momers berng any meu*« - [**J*? aamMS _ sulf0MS , sulfoxide,, 
5 form an oligomer or polymer, «, — combinations of ore 
—Ta^fr Sr^' .dividual ohgom«s tita, 

gfcary is unupe. in a ^J^composed of . sntgle 

10 solid supports are nonporous beads. The souasupp 

^ « 7fX — rr,e invention rerates to the - - - — 
„ g to identify dte seuuence of monomers in the 

, 5 a Unto aHached to d* ^^^t ^somex^rrying particle, may be 
synthesized, or to a second parade .Bached Uo « formation, and that is 

any recognizable feature that m some way cames Bur req 
decipherable at the level of one or a few sohd supports. The sohd «W 
^fd to the oligomers and the identifier tag by — of one or more bote 

20 molecule, Bg „fflbe an *&™ S <^ 

SSL a, wm be about 50 to 100 nudeotides in length, in a prefcrred 
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embodiment^ ^ ^ ^ may ^ of 

a set of Ught-addressable compounds, such as fluorescent or phosphorescent 
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compounds that can be photobleached, which compounds are incorporated into the 
beads or particles on which the oligomers of the oligomer library are synthesized. 
Such compounds are widely known in the art. 

5 BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 is a schematic representation of combinatorial oligomer synthesis 

on particles. 

Fig. 2 is a schematic representation of concurrent combinatorial oligomer 
synthesis and particle tagging. 
1 o Fig. 3 describes one method of bead functionalization, the compatible 

chemistries for peptide synthesis and round by round attachment of oligonucleotide 
identifier tags, including synthesis of amino-functionalized beads, the structure of 
protected 5' maleimidyi oligonucleotides, amino acid coupling and introduction of a 
thiol "handle," step-specific oligonucleotide attachment to a bead, subsequent amino 

1 5 acid coupling(s) and oligonucleotide attachment(s), and peptide and oligonucleotide 

deprotection. 

Fig. 4 is a schematic representation of one example of an oligonucleotide 

tag. 

Fig. 5 illustrates nucleoside phosphoramidites derivatized with 
20 photolabile protecting groups for parallel peptide /oligonucleotide synthesis. 

Fig. 6 illustrates 5'-DMT-3'-(0-allyl N,N'-diisopropyl phosphoramidite) 
nucleoside derivatives for parallel peptide /oligonucleotide synthesis. 

Fig. 7 illustrates the preparation of a bifunctional bead material for 
parallel synthesis of peptides and oligonucleotides. 

2 5 Fig. 8 illustrates the parallel assembly of oligonucleotide-tagged peptides 

on beads. 

Fig. 9 shows a schematic representation of the experiment described in 
Example 5, in which two populations of oligomers on beads are prepared, tagged, 
mixed, sorted, and identified by the method of the present invention. 

3 0 Fig. 10 shows resolution of the two populations of beads by FACS in the 

experiment described in Example 5. Values along the horizontal axis indicate 
relative fluorescence (log scale). Values along the vertical axis indicate relative 
numbers of beads. Non-fluorescently labeled beads are represented by peak A. 
Flourescently labeled beads are represented by peak B. The ratio of the larger peak to 
3 5 the smaller peak is 15:1. 
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Fig 11 shows pictures of ethidium bromide stained, UV irradiated 
aearose gels of PGR products obtained by amplification after FACS of two bead 

Ascribed in Example 5. Gel A shows the results with sorted fluores^ ^ - 
5 1 - 2.4x106 copies (100 bead equivalents) of 95 mer tag; lanes 2-7 - FCR product from 

5 Lgtnuor^ 

11-13 - PCR product from one hundred fluorescent beads; and lane 14 - 1.2x10 
ropi.es (100 bead equivalents) of 110 mer tag. Gel B shows the result ™^ S ™^™ 
fluorescentbeads: lanel- 1.2x10^ copies of 110 mer tag; lanes 2-7 — PCR product 

1 0 from single non-fluorescent beads; lanes 8-10 - PCR product from ten non- 

flulsTent beads; lanes 11-13 - PCR product from one hundred non-fluorescent 

control reactions: lanes 1,12 - DMA size standards; lanes 2, 3 - no tag ; con*ol 
„ arHm9 . lanes 4 5_i bead equivalent of soluble 95 mer tag; lanes 6, 7 - 10 bead 

tagj and lanes 10, 11 - 10 bead equivalents of soluble 110 mer tag. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
The present invention provides novel methods and instruments for 
20 producing large synmetic ohgomer libraries. In a preferred embodiment of the 

2 ° "enLnfeach member of such a library is uniquely 

specifies the identity of the sequence of the oligomer corresponding to that member. 
ZHZc screening such libraries and reagents useful for producing the hbrar.es 
are also provided. 

25 

QeS53£ * The following terms are intended to have the following general 
meanings as they are used herein: 

016 8 rll rr ~ sismm comolen^: These terms refer to 

3 0 base pairing between nucleotides or nucleic acids, such as, for instance, between the 

two strands of a double stranded DNA molecule or between an oligonucleotide 
Z£Z a pruner binding site on a single stranded nudeic add to be sequenced or 
^lified. •Complementary- nudeoudes are, generaUy, A and I ^(or A an£ U) ^ X 
and G as is well known to those of skill in the art. Two single stranded RNA or DNA 
35 ^I n said to be "substantially complementary" when the nudeoudes of one 
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strand, optimally aligned, pair with at least about 80% or more of the nucleotides of 
the other strand. 

Alternatively, substantial complementarity exists when an RNA or DNA 
strand will hybridize under selective hybridization conditions to a complementary 
5 nucleic acid. Typically, selective hybridization will occur when there is at least about 
55% complementarity over a stretch of at least 14 to 25 nucleotides, but more selective 
hybridization will occur as complementarity increases to 65%, 75%, 90%, and 100%. 
See Kanehisa, Nucleic Acids Res. 12:203 (1984), incorporated herein by reference. 

Stringent hybridization conditions will typically include salt 
1 0 concentrations of less than about 1 M, such as less than 500 mM, and will often 

include salt concentrations of less than 200 mM. The hybridization temperature for 
oligomers will typically be greater than 22°C, such as greater than about 30°C, and will 
often be in excess of about 37°C. Longer fragments may require higher hybridization 
temperatures for specific hybridization. As other factors may dramatically affect the 

1 5 stringency of hybridization (such factors include base composition, length of the 

complementary strands, presence of organic solvents, and extent of base 
mismatching), the combination of factors is more important than the absolute 
measure of any one factor alone. 

Epitope : The portion of an antigen molecule delineated by the area of 

2 0 interaction with the subclass of receptors known as antibodies is an "epitope." 

Identifier tag : An "identifier tag" is a physical attribute that provides a 
means whereby one can identify which monomer reactions an individual solid 
support has experienced in the synthesis of an oligomer. The identifier tag also 
records the step in the synthesis series in which the solid support visited that 

2 5 monomer reaction. The identifier tag may be any recognizable feature, including for 

example: a microscopically distinguishable shape, size, color, optical density, etc.; a 
differential absorbance or emission of light; chemically reactivity; magnetic or 
electronic encoded information; or any other distinctive mark with the required 
information, and decipherable at the level of one (or a few) solid support(s). A 

3 0 preferred example of such an identifier tag is an oligonucleotide sequence. An 

"identifier tag" can be coupled directly to the oligomer synthesized, whether or not a 
solid support is used in the synthesis. In this latter embodiment, the identifier tag 
serves as the "support" for oligomer synthesis. 

Li gand : A "ligand" is a molecule that is recognized by a particular 
3 5 receptor. The agent bound by or reacting with a receptor is called a 'ligand", a term 
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tem -Hg^- doe, no. imply any aapabia of binding 

composidonal feadne od,er than U». d« -^^2 s Je either as the 
, otherwise infracting with the resep.0,. • ^J"^, tot may „ tt as 

an agonist or antagonist Ligands ™ t c me mbrane receptors, toxins 

synthesis, the set -^^^^"J^^ rf «dl^ 
herein, "monomer" refers to any memb«of a ba^ set y ^ ^ 

For example, dimers of L-anuno acids form a afc successive 

synthesis of polypeptides. Different basis sets of monomers may 

alpha-, beta-, or omega po i ye thyleneimines, polyarylene sulfides, 

^ra^^VCr^oaia^aawiUde^app^ 

ammo aads joined tog Tn L ^text of this specification, one should 

"It^aS ^ ^L.pdca! Ler or the Optica, isomea. 

than 5 to 10 amino acid monomers long and can be even longer than an 
i (1988), which is incorporated herein by reference. 
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Oligonucleotides : An "oligonucleotide" is a single-stranded DNA or 
RNA molecule, typically prepared by synthetic means. Those oligonucleotides 
employed in the present invention will usually be 50 to 150 nucleotides in length, 
preferably from 80 to 120 nucleotides, although oligonucleotides of different length 
5 may be appropriate in some circumstances. For instance, in one embodiment of the 
invention, the oligonucleotide tag and the polymer identified by that tag are 
synthesized in parallel. In this embodiment, the oligonucleotide tag can be built 
nudeotide-by-nucleotide in coordination with the monomer-by-monomer addition 
steps used to synthesize the oligomer. In addition, very short, Le v 2 to 10 nucleotides, 
1 0 oligonucleotides may be used to extend an existing oligonucleotide tag to identify a 
monomer coupling step. Suitable oligonucleotides may be prepared by the. 
phosphoramidite method described by Beaucage and Carruthers, Terr. Lett. 22:1859- 
1862 (1981), or by the triester method, according to Matteucci et^l., J. Am. Cfrem, goc. 
103:3185 (1981), both incorporated herein by reference, or by other methods such as by 

1 5 using commercial automated oligonucleotide synthesizers. 

Operably linked : A nucleic acid is "operably linked" when placed into a 
functional relationship with another nucleic acid sequence. Por instance, a promoter 
or enhancer is "operably linked" to a coding sequence if the promoter causes the 
transcription of the sequence. Generally, operably linked means that the DNA 

2 0 sequences being linked are contiguous and, where necessary to join two protein 

coding regions, contiguous and in reading frame. 

Receptor : A "receptor" is a molecule that has an affinity for a given 
ligand. Receptors may be naturally-occurring or manmade molecules. Also, receptors 
can be employed in their unaltered natural or isolated state or as aggregates with other 

2 5 species. Receptors may be attached, covalently or noncovalently, to a binding 

member, either directly or via a specific binding substance. Examples of receptors that 
can be employed in the method of the present invention include, but are not 
restricted to, antibodies, cell membrane receptors, monoclonal antibodies, antisera 
reactive with specific antigenic determinants (such as on viruses, cells, or other 

3 0 materials), polynucleotides, nucleic acids, lectins, polysaccharides, cells, cellular 

membranes, and organelles. Receptors are sometimes referred to in the art as "anti- 
ligands." As the term "receptor" is used herein, no difference in meaning is intended. 
A "ligand-receptor pair" is formed when two macromolecules have combined 
through molecular recognition to form a complex. 
3 5 Other examples of receptors that can be investigated by this invention 
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include but are not restricted to: . 
mdUd ' Mir-r- DetenninadonofUgands thatbmdto 

^croorganism receptors, such as specific transport proteins or enzjmr.es genual to 
^vafof microorg'anisms, is useful in discovering new classes^ - 
antibiotics. Of particular value would be antibiotics agamst opporturustic fun*, 
protozoa, and those bacteria resistant to the antibiotics in current use. 
P Enzymes: For instance, the binding site of any enzyme such as the 

enzymes respond cleaving neurotransmitiers, is a receptor, ^rmn^tion of 
3s that bind to certain enzymes, and thus modulate the achon of the er^mes 
tiTdeave the different neurotransmitters, is useful in the development of drugs that 
can be used in the treatment of disorders of neurotransmissxon. 

Antib^: For instance, the invention may be useful m mveshgating 
the Ugand-binlmTitTon an antibody molecule that combines with the epitope of an 

TiZ the development of vaccines or lead to the development of related dxagnostic 

aglt^ofcompounds useful in therapeutic treatments such as for autounmune 

rfLases (e e by blocking the binding of the "self antibodies). 

diseases (e.g.,^ ^ ^ ^ ^ fa sequences 

of nucleic acids acting as binding sites for cellular proteins ("tr^-acting factors ). 
Such sequences may include, e.g., enhancers or promoter sequences 

^ C^^mm^- Polymers^referablypolypeptide^wruchare 
capable of promoting a chemical reaction involving the conversion of one or more 

actl to'one or more products are "catalytic polypeptides." Such polypeptides 
generally include a binding site specific for at least one reactant or reaction 
LermeLe and an active functionality proximate to 
functionality is capable of chemically modifying the bound reactant. Catalytic 
pXeptio- - described in,Lerner tfHSdOttS* 659 (1991), which* 
incorporated herein by reference. 

* go g receptors: For instance, "hormone receptors" indude the 

receptors forLulin and growth hormone Determination of the ligands wluch bmd 
SJ affinity to a hormone receptor is useful in the development of, or example, 
an oral replacement of the daily injections which diabetics must take to reheve the 
symptoms of diabetes, and in the other case, a replacement for human growth 
hormone, which can only be obtained from cadavers or by recombinant DNA 
technology. Other examples indude the vasoconstrictive hormone receptors; 



WO 93/061 21 PCT/US92/07815 



1 1 

determination of ligands that bind to those receptors may lead to the development of 
drugs to control blood pressure. 

Opiate receptors : Determination of ligands that bind to the opiate 
receptors in the brain is useful in the development of less-addictive replacements 
5 for morphine and related drugs. 

Substrate or Solid Support : A "substrate or solid support" is a material 
having a rigid or semi-rigid surface. Such materials will preferably take the form of 
small beads, pellets, disks, or other convenient forms, although other forms may be 
used. In some embodiments, at least one surface of the substrate will be substantially 

1 0 flat. A roughly spherical shape is preferred. 

Synthetic : A compound is "synthetic" when produced by iaYiiio 
chemical or enzymatic synthesis. The synthetic libraries of the present invention may 
be contrasted with those in viral or plasmid vectors, for instance, which may be 
propagated in bacterial, yeast, or other living hosts. 

15 

I. " Method for Producing Large Synthetic Oligom er Libraries 

A general method of random oligomer synthesis is provided by the 
present invention. The method can be used to produce the enormous numbers of 
compounds available with recombinant systems and to utilize the monomer set 
20 diversity available with chemical synthesis methods. By means of the present 
method, one can readily produce up to 1012 different oligomers, a dramatic 
improvement over previous methods. The invention also provides a facile means of 
oligomer identification. 

The general method comprises producing a large, highly diverse 

2 5 collection or library, each member of such a library comprising a single oligomer 

sequence (e.g., a peptide). The sequence may be soluble or may be bound to a solid 
support. When bound to a solid support, the oligomer is usually attached by means of 
a linker. The linker, prior to attachment, has an appropriate functional group at each 
end, one group appropriate for attachment to the support and the other group 
30 appropriate for attachment to the oligomer. Such a collection may contain, for 
example, all combinations of n monomers assembled into X length oligomers 
yielding, n* different compounds. The collection may also contain oligomers having 
different monomer units at, for example, only one or a small number of positions, 
while having an identical sequence at all other positions. The general method 

3 5 typically involves synthesizing the oligomers in a random combinatorial 
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or building blocks. Any set of building blocks that can be attached to one another in a 
step-by-step fashion can serve as the monomer set. The attachment may be mediated 
by chemical, enzymatic, or other means, or by a combination of any of these means. 
The resulting oligomers can be linear, cyclic, branched, or assume various other 
5 conformations as will be apparent to those skilled in the art. Techniques for solid 
state synthesis of polypeptides are described, for example, in Merrifield, supra. Peptide 
coupling chemistry is also described in The Peptides, Vol. 1 (eds. Gross, R, and J. 
Meienhofer, Academic Press, Orlando (1979)), which is incorporated herein by 
reference. 

1 0 To synthesize the oligomers, a collection of a large number of the solid 

supports is apportioned among a number of reaction vessels. In each reaction, a 
different monomer is coupled to the growing oligomer chain. The monomers may be 
of any type that can be appropriately activated for chemical coupling or accepted for 
enzymatic coupling. Because the reactions may be contained in separate reaction 

1 5 vessels, even monomers with different coupling chemistries can be used to assemble 

the oligomers (see The Peptides, supra) . The coupling time for some of the monomer 
sets may be long. For this reason, the preferred arrangement is one in which the 
monomer reactions are carried out in parallel. After each coupling step, the solid 
supports on which are synthesized the oligomers of the library are pooled and mixed 
20 prior to re-allocation to the individual vessels for the next coupling step- This 
shuffling process produces solid supports with many oligomer sequence 
combinations. If each synthesis step has high coupling efficiency, then substantially 
all the oligomers on a single solid support have the same sequence. That sequence is 
determined by the synthesis pathway (type and sequence of monomer reactions) for 

2 5 any given solid support at the end of the synthesis. The maximum length of the 

oligomers is typically less than about 20, usually from 3 to 8 residues in length, but in 
some cases a length of 10 to 12 residues is preferred. Protective groups known to those 
skilled in the art may be used to prevent spurious coupling (see The Peptides, Vol. 3 
(eds. Gross, E., and J. Meienhofer, Academic Press, Orlando (1981), which is 
30 incorporated herein by reference). 

Modifications of this completely random approach are also possible. For 
example, the monomer set may be expanded or contracted from step to step; or the 
monomer set could be changed completely for the next step (e.g., amino acids in one 
step, nucleosides in another step, carbohydrates in another step), if the coupling 

3 5 chemistry were available (see Gait, Oli gonucleotide Synthesis: A Practical Appro ach, 



WO 93/06121 



PCI7US92/07815 



14 



IRL Press Oxford (1984); Friesen and Danishefsky, 1 A mer. Chem. Soc 111:6656 (1989), 
^/p^lgLch^^LHd^^ (1986), all of which are mcorporated 
TereL by refe^T^onomer urdt for peptide synthesis, for example, may 

' ° ^ '"STd— . or es*ymade syndesis - - oii 8 omer - * 

prssenf invendon fypically fate °* '"PP"* ^ ^ S f " 
U sTd toei, errtaS a pardde «irh appropriate sires for oligomer synftresrs and, ■„ 

, 5 ^ useiul in prepanrdon of ft. synfhedc obgomer libraries of a. ^ 
ZLtan. Solid commonly used for soUd phase syrrthesMofcta 

^rpepddes and nodefe acids and odrer obgomers as enumerared above, and 
thus are well known to those skilled in the art. 

With enough solid supports and efficient coupling, one can generate 
20 complete sets of certain oligomers, if desired. In general, the solid support s*e £ 
the ranee of 1 run to 100 urn, but a more massive solid support of up to 1 mm in size 
The appropriate size of the solid support depends on (1) the number o 
sytth^s Z and identifier tag attachment sites desired; (2) the number ■* 
tSZ compounds to be synthesized (and the number of solid supports bearutg each 

t^Z on the specific screening strategies [e.g., fluorescence-activated cell sorters 
CPACS^tobe^ ^^ rfl ^ h — 

each reaction contains approximately 02 mL of solid ^'f^^^ 
3 0 synthesized from a set of 50 monomers (50 parallel reasons), then a total of 10 mL of 
2nd supports, or approximately 10« solid supports, would be requirecL If one w*hes 
to make'hexamers with these 50 monomers, then there are over 1.5 x 0 10 possible 
sequences, a^d each specific sequence would be represented on about 0* «*d 
supports An estimated capacity of each bead, based on the capaaty of commonly used 
35 P 5desynmesizmgresins,isabout0.1pgofpeptideperbead. By this esumation, 
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then, each solid support would have about 100 amol or 108 oligomer chains. 

To improve washing efficiencies, solid supports less porous than typical 
peptide synthesis resins are preferable. These supports will have a lower density of 
growing chains, but even with a decrease in capacity of several orders of magnitude, 
5 sufficient oligomer densities can be produced for efficient screening. With the less 
porous supports, a greater proportion of the oligomers will be accessible for binding to 
the receptor during the screening process. Also, the less porous supports will reduce 
the carryover of tags from one reaction to the next, thus improving the accuracy of 
reading the dominant (correct) tags. 
1 o Such solid supports may be of any shape, although they will preferably be 

roughly spherical. The supports need not necessarily be homogenous in size, shape, 
or composition; although the supports usually and preferably will be uniform. In 
some embodiments, supports that are very uniform in size may be particularly 
preferred. In another embodiment, however, two or more distinctly different 

1 5 populations of solid supports may be used for certain purposes. 

Solid supports may consist of many materials, limited primarily by 
capacity for derivatization to attach any of a number of chemically reactive groups and 
compatibility with the chemistry of oligomer synthesis and tag attachment. Suitable 
support materials include glass, latex, heavily cross-linked polystyrene or similar 

2 0 polymers, gold or other colloidal metal particles, and other materials known to those 

skilled in the art. Except as otherwise noted, the chemically reactive groups with 
which such solid supports may be derivatized are those commonly used for solid state 
synthesis of the respective oligomer and thus will be well known to those skilled in 
the art. The solid supports of the present invention do not include living cells, 

2 5 viruses, or cloning vectors such as phage vectors or plasmids. 

n. Method for Producing Tagged Synth etic Oligomer Libraries 

In a preferred embodiment of the invention, the oligomers comprising 
the library also are attached to an identifier tag that can be easily decoded to report the 

3 0 sequence of each oligomer. The identifier tags may be attached either to the oligomer 

or to the solid support to which the oligomer is attached. The attachment is preferably 
by means of a linker that, prior to attachment, has an appropriate functional group at 
each end, one group appropriate for attachment to the support and the other group 
appropriate for attachment to the identifier tag. Alternatively, the identifier tag may 
3 5 be attached to a monomer incorporated into the oligomer or attached directly to the 
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same linker that binds the oligomer to the solid support. In the latter 

the linker has, prior to attachment, a third functional group approbate for the 

attachment of the identifier tag. 

attachment ^ ^ ubrary ma t incorporates identifier tags is produced 

5 by synthesizing on each of a plurality of solid supports a single oligomer sequence _and 
IZ more identifier tags identifying the oligomer sequence. The tagged synthehc 
Lm^ hbrary is synthesized in a process comprising the steps of: (a) apportioning 
Ae suIortsZongTplurality of reaction vessels; (b) exposing the supports m each 
^vessel to LI oligomer monomer and to a first identifier tag monomer; (0 
1 0 pooling the supports; (d) apportioning the supports among a plurality of "action 

identifier tag monomer. As noted above, one can also pracUce the mvenfcon m a 

the oligomer being synthesized. The steps of either process typically will be repeated 
15 one or more times, but usually, will be repeated less than 20 tunes^ 

The solid supports can be exposed to (or coupled with) an oligomer 
m onomer and an identifier tag at the same time, or sequentially. In either eve£ *e 
supports are then pooled and exposed to the second oligomer monomer _«d second 
identifier tag. As before, these steps are repeated, typically from one to about 20 times. 
20 The invention is described herein primarily with regard to the preparation of 
moie cules containing sequences of amino acids, but the invention can readdy b 
applied to the preparation of other oligomers and to any set of compound mat c- be 
synthesized in a component-by-component fashion, as can be appreciated by those 

skilled in embod . ment/ ^ same solid SU p p ort is used for synthesizing 

all members of the Ubrary, but the members are cleaved from the support prior to 
screening. In this embodiment, synthesis of tagged oligomers may be accomplished 
utilizing very large scale immobilized polymer synthesis (VISITS™) techniques^ See 
US. Pafent No. 5,143,854 and PCT patent publication No. 92/10092, each of which is 

30 incorporatedhereinbyreference. An array of oligonucleotides is synthesized on die 
VLSIPS™ chip, each oligonucleotide linked to the chip by a deavable group such as a 
disulfide. In one embodiment, each oligonucleotide tag has an amine group at die 
free end and only contains pyrimidine or pyrimidine and purine analog bases^ In 
addition each oligonucleotide contains binding sites for amplification, i.e., PCR 

3 5 primer sites and optionally a sequencing primer site. A short section of each 
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oligonucleotide uniquely codes the monomer sequence of the oligomer to be tagged. 
Then, e.g., peptides are synthesized, optionally from the free terminal amine groups 
on each oligonucleotide, so that each peptide is linked to a tag. The whole collection 
of oligonucleotide-peptide may be released from the chip to create a soluble tagged 

5 oligomer library. 

More preferably, however, the oligomer library is constructed on beads or 
particles. One method of bead functionalization, with compatible chemistries for 
peptide synthesis and round by round attachment of oligonucleotide identifier tags, is 
shown in Figs. 3.1-3.6. Glass beads are derivatized using aminopropyltriethoxysilane 
10 and a beta-alanine spacer group is coupled using activated ester methodology. The 
oligonucleotide tags may optionally incorporate a biotin group to facilitate 
purification, hybridization, amplification, or detection (see Fierce 
ImmunoTechnolofrv Catalog and Handbook, 1991, incorporated herein by reference). 
Commercially available Fmoc protected amino acids and standard BOP coupling 

1 5 chemistry is employed for peptide synthesis (see The Peptides, supra). Protected 

polypyrimidine (e.g., cytidine protected as N4-Bz-C) and/or purine analog containing 
oligonucleotides resistant to the coupling and deprotection reagents used in peptide 
synthesis are attached using maleimide chemistry to unmasked thiol groups 
incorporated into growing peptide chains at low frequency (i.e., 0.1%) as cysteine 

2 0 residues with masked thiol groups (which masks may be selectively removed prior to 

tagging). In other embodiments of the invention, one may not need to use protected 
nucleosides or oligonucleotides. 

However, to maintain the integrity of an oligonucleotide tag during 
peptide synthesis, one may need to use different combinations of protecting groups 

2 5 and /or synthetic nucleotides to avoid degradation of the tag or the oligomer 

synthesized. In general, polypyrimidine oligonucleotide tags are relatively stable 
under typical peptide synthesis conditions, as opposed to oligonucleotide tags that 
contain natural purine nucleotides, but a polypyrimidine nucleotide tag may be 
somewhat refractory to amplification by PCR. One may need to incorporate purine 

3 0 bases, or analogs tested for ability to withstand peptide coupling (and deprotection) 

conditions, into the tag to acheive a desired efficiency of amplification. For purposes 
of the present invention, the tag optionally may contain from 10 to 90%, more 
preferably 35 to 50%, and most preferably 33 to 35%, purine or purine analog 
nucleotides. The oligonucleotides optionally may contain phosphate protecting ■ 
3 5 groups (e.g., O-methyl phosphates) with greater base stability than the standard beta- 
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peptide and oligonudeotide deprotection can be effected by sequen 
Soptnol, triffuoroacetic add, and ethanolic **- - C 
h another embodiment, photolabile alpha-ammo protecting groups are usea 

!L^ith bas^labUe side chain protecting groups for the ammo aads, and 

allyl and N-allyloxycarbonyl groups to provide protection for phosphate oxyg 

minimize oxidation ot me ammo ^ reference). Use 

. .i T«h. Tp» 27-4191-4194 (1986), incorporated herein by reference/. u=> 

— ~: 

io7Q H992) incorporated herein by reference). The laoimy or 

ZJs sodil N^-diethyldithiocarbamate wash, and a water 
Sd-labile amino add protecting groups are removed by treatment with 95., 

TFA/Water * Other methods also provide effective orthogonal protection during the 

parallel assembly of oligonudeotides and peptides. These ^ ods ^ dud ^ 
parallel asseu / 6 ^wnhates and exocyclic amines of deoxycyhdme, 7- 

add-labile protecting groups on phosphates ana exocyuu. 
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deaza-deoxyadenosine, and 7-deaza-deoxyguanosine sufficiently robust to resist the 
3% trichloroacetic acid used in 5*-0-detritylation; use of photochemically removable 
protecting groups on these residues; and combinations of such acid and photolabile 
groups (for photolabile protecting groups for phosphate, see Baldwin et aL, letr. Lett. 
5 46: 6879-6884 (1990), incorporated herein by reference; see also figure 5). 

HI. Identifvine the Sequence of any Oligomer 

The present invention provides a method for identifying the 
composition and sequence of any of the oligomers in the library. By tracking the 

1 0 synthesis pathway that each oligomer has taken, one can deduce the sequence of 

monomers of any oligomer. The method involves linking an identifier tag to the 
oligomer that indicates the monomer reactions and corresponding step numbers that 
define each oligomer in the library. After a series of synthesis steps (and concurrent 
identifier tag additions), one "reads" the identifier tag(s) associated with an oligomer 
15 to determine the sequence of that oligomer. 

For example, one might attach microscopically recognizable, 
alphanumeric tags to each bead (see Fig. 2): "Al" means that the bead participated in 
the A-monomer reaction at step 1, *C2 n means that the bead participated in the C- 
monomer reaction at step 2, and "B3 rt means B-monomer was added in step 3, and so 

2 0 on. At the end of the 3-step synthesis, the bead would have three tags attached, e.g., 

Al, C2, and B3, indicating that the sequence of the peptides on the bead is ACB. This 
scheme requires a number of distinct identifier tags equal to at most the product of the 
number of different monomers and the number of synthesis steps (nine in this 
example). The number of identifier tags is reduced if the symbols are attached to one 

2 5 another in the order of the steps: A, A-C, A-C-B. In this case only as many identifier 

tags are needed as monomers. One builds the identifier tag in much the same way as 
the peptides, so as to preserve a record of what was monomer was added, and in 
which addition step. 

The identifier tags therefore identify each monomer reaction that an 

3 0 individual library member or solid support has experienced and record the step in the 

synthesis series in which each monomer is added. The tags may be attached 
immediately before, dining, or after the monomer addition reaction, as convenient 
and compatible with the type of identifier tag, modes of attachment, and chemistry of 
oligomer synthesis. The identifier tag is added when the solid supports that have 
3 5 undergone a specific monomer addition step are physically together and so can be 
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among the oligomer as when one wants to vaiy only a few anono - ■ P P 
ZZL, one nngh. wan. to change only 3 .o 6 amino aads . 6 » 

Lno add, long, or one might wan, «o change - few * f ™* " „ 

vessels for the addition of distinguishing monomer units. 

vessels the^ ^ ^ ^ ^ oUgomer h ty 

of mechanisms, either directly, through a Unking molecule, or through a sohd 
support upon which the oligomer is synthesized. In the latter mode, one «M **0 
aSle tag to another solid support that, in turn, is bound to the sohd support 
upon which the oligomer is synthesized. 

nucroscopically distinguishable in shape, size, color, optical density, etc; differently 

"or in some'otherlay distinctively marked with the required ^ 
2d decipherable at the level of one (or few) solid supports. In one embodiment each 

other light addressable type of molecules, the spectral properties of be 
changed and therefore used to store information. In one such mode a bead 
tZorl a variety of fhiorophors, each of which can be selectively P^obleached, 
incapable of fluorescence or of diminished fluoresce. During each 
™^Lp the bead is irradiated (or not) to photobleach (or not) one or mo e 
^ « of fluorophors, thus recording the monomer 
Lthesizer See Science 255: 1213 (6 Mar. 1992), incorporated herein by referee. 
^ One can construct microscopically identifiable tags as small beads of 

recognizably different sizes, shapes, or colors, or labeled with bar codes. The tags can 
bTSne readable" luminescent or radioactive labels. The identifier tag can also 
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be an encodable molecular structure. The information may be encoded in the size 
(e.g. length of a polymer) or the composition of the molecule. The best example of 
this latter type of tag is a nucleic acid sequence, i.e., RNA or DNA assembled from 
natural or modified bases. 
5 Synthetic oligodeoxyribonudeotides are especially preferred 

information-bearing identifier tags. Oligonucleotides are a natural, high density 
information storage medium. The identity of monomer type and the step of addition 
is easily encoded in a short oligonucleotide sequence and attached, for example, to 
each peptide synthesis bead. When a single bead is isolated by screening, e.g., for 

1 0 receptor binding, the attached oligonucleotides can be amplified by methods such as 

PCR (see PCR Protocols: A Guide to Methods and Applications. (Innis, M, Gelfand, D v 
Sninsky, J. and White, T., Academic Press, San Diego 1990), incorporated herein by 
reference), or by other nucleic acid amplification techniques, such as the ligase chain 
reaction and the self-sustained sequence replication system. The amplified product 
15 can be easily sequenced or otherwise identified to decode the identity of the peptide on 
the bead. For this purpose, one can use any of a variety of sequencing methods, 
including sequencing by sequence-specific probe hybridization. 

Alternatively, the information may be encoded in the length rather than, 
or in addition to, the sequence of the oligonucleotide. If only oligonucleotide length 

2 0 is utilized to represent each specific monomer addition to the oligomer, then the 

identity of the oligomer can be decoded by amplifying the oligonucleotide, as described 
above, and identifying the labels through any of a variety of size-separation 
techniques, including polyacrylamide gel electrophoresis or capillary electrophoresis. 

There are several ways that oligonucleotides can be used as identifier 

2 5 tags. The oligonucleotides can be assembled base-by-base before, during, or after the 

corresponding oligomer (e.g., peptide) synthesis step. In one case of base-by-base 
synthesis, the tag for each step is a single nucleotide, or at most a very few nucleotides 
(i.e., 2 to 5). This strategy preserves the order of the steps in the linear arrangement of 
the oligonucleotide chain grown in parallel with the oligomer. To preserve the 

3 0 chemical compatibility of the parallel synthetic steps (oligonucleotides and peptides, 

for example), one can modify the standard synthesis chemistries. 

One variation of base-by-base assembly is the block-by-block approach; 
encoded sets of nucleotides ("codons") of 5 to 10 or more bases are added as protected, 
activated blocks. Each block carries the monomer-type information, and the order of 
3 5 addition represents the order of the monomer addition reaction. Alternatively, the 
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blo d= may encode 0. oligomer synlhesis step number as wed as the monomer-type 

taf ° n,,a,i0 ° One could aiso attach F o,e=«ed (or unpro.ec.ed) *9->**»* 
« amplMcadon prime, ste . monomer^ — , - a 

^Sf£ by PCRand sequenced to decode fte idendty of the oltgomes. 

V ' ^^held^age may be attached » chemical* raacnve groups 
(umaske d « or amine, for r^,™ - ^ll^Ssof the 

'° ^ ft. solid support will have 

r» that 1 o.o.ected using two different or -orthogonal" types of protecting 

fcivator, removing the firs, typ* of protecdng group ^m «£. *e 

.moves the second type of protecdng group exposutg the s, dt« «***>J* 
identifier tag dlrecUy » the linker, rather than attachment ftrectty to the sobd 

, 5 SUPP °"' Wh.nacdva.orsordepro.ecdonagenBareincorpora.edin.od.e 
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method of preparing a synthetic peptide library having a plurality of different 
members, each member comprising a solid support attached to a different single 
peptide sequence and an oligonucleotide identifier tag identifying said peptide 
sequence, the method comprises: a) apportioning the solid supports among a 
"5 plurality of reaction vessels; b) reacting the solid supports with a solution in each 

reaction vessel and treating sequentially with (1) a first activator to remove a first type 
of protective group from the solid support, (2) a first amino acid or peptide to couple 
said amino acid or peptide to said solid support at sites where said first type of 
protective group has been removed; (3) a second activator to remove a second type of 

1 0 protective group from the solid support; and (4) a first nucleotide or oligonucleotide 

tag to couple said tag at sites where said second type of protective group has been 
removed; c) pooling the solid supports; d) apportioning the pooled solid supports 
among a plurality of reaction vessels; and e) repeating step (b) to couple a second 
amino acid or peptide and a second nucleotide or oligonucleotide tag to said solid 
1 5 support. 

As noted above, the invention can also be carried out in a mode in 
which there is no solid support, and the tag is attached directly (or through a linker) to 
the oligomer being synthesized. The size and composition of the library will be 
determined by the number of coupling steps and the monomers used during the 

2 0 synthesis. Those of skill in the art recognize that either the tag or the monomer may 

be coupled first, in either embodiment. 

Another possible embodiment is the use of two solid supports, such as 
beads, that are physically linked together, one with synthesis sites 
(or linkers) for the oligomer and one with attachment sites (or linkers) for the 

2 5 identifier tags. This arrangement allows the segregation of oligomers and identifier 

tags into discrete "zones" and permits the use of widely different chemically reactive 
groups and chemistries for attachment. The solid supports can be derivatized 
separately and then linked under conditions where all or nearly all of the synthesis 
solid supports will have a tag-attachment solid support in tow. The solid supports can 

3 0 be of different sizes, as for example a large synthesis bead with several (or many) 

smaller tag-attachment beads linked. In one embodiment, the first solid support will 
have at least one attached amino acid and the second solid support will have at least 
one attached nucleotide. 

The mode of linking the two beads is constrained by the chemistry of 
3 5 oligomer synthesis. The most obvious means of linking the beads is with a 
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tae during steps in which a site being analoged is synthesized. 

g £ addition to length, oligomer sequence informal canalsobe 

encoded in the sequence of bases comprising the oligonucleotide tag. ms type of 
Option is of value not only in the embodiment in which one attaches a different 
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oligonucleotide tag at each coupling step but also in the embodiment in which one 
extends an oligonucleotide tag at each coupling step. For example, as shown in Fig. 4, 
one may use oligonucleotides of up to about 100 bases (or somewhat longer), each 
having seven regions, as described below. 
5 Region 1 is a 3'-PCR primer site (20 to 25 bases). This site is used in 

conjunction with another PCR site (at the 5'-end of the oligonucleotide) to prime 
amplification by PCR. Other amplification methods may also be used 

Region 2 is a "step-specific" DNA sequencing primer site (15-20 bases). 
This site is specific for the particular numbered step in the synthesis series. All the 
1 0 oligonucleotides added to all the beads at a particular step will have this sequence in 
common. Each numbered step will have a highly specific primer site representing 
that step. 

Region 3 is a spacer (20-30 bases). A spacer segment of variable length, 
but preferably 20 to 30 bases long, places the coding site sufficientiy distant from the 

1 5 sequencing primer site to give a good "read" through the monomer encoding or 

identification region. 

Region 4 is a monomer identification region (8 bases). Each base in this 
string represents one bit of binary code, where, for example, T = 0 and C = 1. Each set 
of step-specific identifier tags consists of 8 bases with a 1 (C) or a O (T) at each of the 8 

2 0 positions. These may be thought of as switches set to "on" or "off at the different 

positions. Each monomer type is encoded by a mixture of 1 to 8 6i these "switches." 

Region 5 is a step number confirmation region (4 bases plus 2 bases on 
either side for region distinction). Four bits in this short stretch encode the step 
number. This is redundant to the sequencing primer but can be used to confirm that 

2 5 the proper primers were used and that the right step is decoded. 

Region 6 is a repeat of the monomer identification region (8 bases). This 
region has the same information as region 4, and is used to confirm monomer 
identity. Installing this second monomer encoding region also increases the 
probability that a good sequencing "read" will be obtained. 

3 o Region 7 is a 5-PCR primer site (20 to 25 bases). This site serves as a site 

for annealing the second PCR primer for amplification of the sequence. The length of 
oligonucleotides with all seven of these features, some of which are optional, will 
commonly be between 75 and 125 bases. 

An 8 bit format can encode 256 different monomer types. The number of 
3 5 steps that can be encoded is determined by the number of step-specific sets (8 per set) of 
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capability for up to 256™- 1-2 xiu s num ber (e.g. Ala = 

the correct binary code. 

When specific beads are isolated in a receptor screening expe 

TTLividuallv by a number of means, including: infinite 
beads can be segregated individually by activated cell sorting (FACS), 

dilution, micromanipulation, or preferably, fluorac^ce 
although, with respect to the present M^^i^ 
••fluorescence activated oligomer or Ac ^c!^and 

Dangl and Herzenberg, J Tmrrmnol. Metnoa 

by reference). Once the desired beads have been isolated, one needs 

onecoutdreati^^ 

is an oUgonudeotide. One can also amphfy <*«™^^1 solid ^p port or 
identification. The oUgonudeotide identifier tag 7 hvPC R. If the limit of 

oligomer can be amplified my^ by dorung, or ^ , e.g by 
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deduced from the code revealed in the resulting sequence information. 

An alternative strategy is to use common PGR primers and common - 
sequencing primers (the sequencing primer may even overlap completely or partially 
with a PCR primer site) and identify the step by hybridization to oligonucleotide 
5 probes that are complementary to each step-specific sequence in the oligonucleotides 
from the bead. A single set of sequencing reactions is performed on all of the 
amplified oligonucleotides from a single bead, and the reaction products are run in a 
single set of lanes on a gel. The reaction products are then transferred to a suitable 
hybridization membrane and hybridized to a single step-specific probe (see Maniatis et 
1 0 al., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1982), which is 

incorporated herein by reference). After detection of the resulting signal, the probe is 
washed from the membrane and another step-specific probe is hybridized. One could 
also use the procedure described in EPO publication No. 237,362 and PCT publication 
No. 89/11548, each of which is incorporated herein by reference. 

1 5 Parallel hybridization provides an alternative to sequential 

hybridization. The sequencing reactions are divided into a number of aliquots equal 
to the number of peptide synthesis steps and run in a separate set of lanes for each on 
the sequencing gel. After transfer of the reaction products to a suitable membrane, the 
membrane is cut to separate the sets of lanes. Each lane set is then hybridized to one 
20 of a plurality of step-specific oligonucleotide probes (see "Uniplex DNA sequencing" 
and "Multiplex DNA sequencing," in Plex Lumine scent Kits Product Catalog, Bedford, 
MA, 1990, incorporated herein by reference). 

As noted above, a single synthesis solid support (or an attached bead 
bearing a tag, or in solution in a "well") may only comprise a few hundred copies of 

2 5 each oligonucleotide tag. These tags may be amplified, e.g., by PCR or other means 

well known to those skilled in the art, to provide sufficient DNA to be sequenced 
accurately. The ability to decode the oligomers depends on the number of available 
oligonucleotide identifier tags, the level of amplification that can be achieved from 
the available tags, and the accuracy of sequencing that amplified DNA. 

3 o The most commonly used in vitro DNA amplification method is PCR. 

Alternate amplification methods include, for example, nucleic acid sequence-based 
amplification (Compton, Nature 350 :91-92 (1991), incorporated herein by reference) 
and amplified antisense RNA (Van Gelder *i , T>mr. Nat. Acad. Sci. USA 85:7652- 
7656 (1988), incorporated herein by reference), and the self-sustained sequence 
3 5 replication system GSR, see Guatelli et al., Proc. Natl. A cad. Sci. USA 87: 1874-1878 
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,„♦«• "PCR oroduct contamination," caused by the product of one PCR 

"tsony pofendk comaminadon carried ova, from J^T^Z^ 
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SSwTlSS- dUMP info me product. Treadng each new PCK reacdon 
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dT) is not aHected. Of course, me glycosidese Is removed or machvated before 
esMBcanon^gun ^ fcr ^ ^ ^ 

uSeCmrents can greedy reduce problems with product con— m Another 
Zrach to prevendng canyovel contamination involves mcorporadon of a 

could^ed for polypyrimidine tags, info me 
l^and orLdoTwim .he corresponding reaction enzymo prior ^ amphtohon of 

L^on Lpeced of being con.amina.ed wim me ,»g. This meftod only w* d 
J^B oelpufed will no, be deaved by dre enzyme, as would generally be ft* 
case for a single stranded oligonucleotide tag. 

For sequencing amplified DNA, one usually desires to generate smgle 
stranded templates This generation may be accomplished by any of several means 
cTsul meL is asymmetric PCR, where an excess of one of the prune* » used to 

onTstxand toTTvel 10 to 100-fold higher than the other (see, for example, 
US Intent No. 5,066,584, incorporated herein by reference). Another means of 
JZJZ a single stranded template is to by biotinylate one of the 
o remove the resulting strand by adsorption to immobilized streptavKhn Oat 
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Yet another means involves generation of RNA transcripts (representing only one of 
the strands) from an RNA polymerase promoter and sequencing the transcripts with 
reverse transcriptase (Sommer et al, Chapter 25, In FCR Protocols: A Guide to 
Methods and Applications, supra, incorporated herein by reference). If the tags are 
5 composed of only pyrimidine nucleotides, then all purine strands can be eliminated 
by acid/base treatment, leaving the pyrimidine strand for sequencing. 

The use of separate sequencing primers for each step-specific 
oligonucleotide requires a separate, conventional sequencing reaction for each step- 
specific primer. Using primers that are differentially labeled would allow the 
1 0 identifier tags from a single solid support to be sequenced in a single reaction and run 
in a single lane set (2 lanes) on a gel. There are now commercially available primers 
labeled with distinguishable fluorophores that are suitable for this purpose (ABI 
Catalog, incorporated herein by reference). Sets of chemiluminescent labels now 
distributed commercially may also be used (Bronstein et al, BioTechniques, 8: 310-314 

1 5 (1990), incorporated herein by reference). 

DNA sequencing enzymes which may be employed in the present 
invention include Tag DNA polymerase, E. coli DNA polymerase I (or the Klenow 
fragment), T7 polymerase, SequenaseTM and Sequenase n™ (Modified T7 DNA 
polymerases), Bst DNA polymerase, and reverse transcriptase (from AMV, MMLV, 

2 0 RSV, etc., see USB Enzymes for DNA Sequencing, U.S. Biochemical Corp, 1991, 

Cleveland OH, incorporated herein by reference). 

The sequence of an oligonucleotide tag may also be identified by a high 
fidelity DNA hybridization technique. To this end, very large scale immobilized 
polymer synthesis with oligonucleotides may be useful (see FCT patent publication 

2 5 Nos. 92/10587 and 92/10588, each of which is incorporated herein by reference). 

VIII. Screening Receptors with Synthetic Oligome r Libraries 

The tagged synthetic oligomer libraries of the present invention will 
have a wide variety uses. By way of example, these libraries can be used in 

3 0 determining peptide and nucleic acid sequences that bind to proteins, finding 

sequence-specific binding drugs, identifying epitopes recognized by antibodies, and 
evaluating a variety of drugs for clinical and diagnostic applications, as well as 
combinations of the above. Peptides as short as about five amino acids long might be 
useful in receptor-binding studies, for example. 
3 5 Synthetic oligomers displayed on small beads can be screened for the 
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the receptor may be - JJES- beads " 
1* ^* °<J*^^ mammalian ^ jessing 

«* surface „ '^^nethods selecting and sorting bead, 

cell surface antigens or receptors. fe example, a 

«ffl be readily apparent to those skilled tn the art of^ ££*J° P rf 
rec^rcanbeUb^^^^^^ 

^ with tine libraries ot ^^ ^^ 
, surface on which a receptor has been unmobtoed <**£*J^£ d beads , 

incorporate, Mb— ^ " ^X^educa the avidity 
one can then elute beads bound to the surface using 

^^tic beads and then ceU,. = « J-^^, (1990) , 

j - cirq TJadionudeotides may also serve to label a receptor, 
and sorted using FACS. Radionudeouae y libraries of 

Alternatively, the present invention can oe u>eu ^ ger 

* - bead and the a„ached ,dan = « » - 
eJ^ent. the bodom surface is coa.^ wrth the ^ "^J^ 0 „ e 
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The binding of the fluorescently labelled ligand to the receptor is estimated by confocal 
imaging of the monolayer of immobilized receptor. Wells with decreased 
fluorescence on the receptor surface indicate that the released oligomer competes with 
the labelled ligand. The beads or the tag in wells showing competition are recovered, 
5 and the oligonucleotide tag is amplified and sequenced to reveal the sequence of the 
oligomer. 

The beads are loaded in the wells by dispersing them in a volume of 
loading buffer sufficient to produce an average of one bead per well. In one 
embodiment the solution of beads is placed in a reservoir above the wells, and the 
1 0 beads are allowed to settle into the wells. Cleavage of the oligomers from the beads 
may be accomplished using chemical or thermal systems, but a photodeavable system 
is preferred. 

Recovery of identifier- tagged beads from positive wells may be 
effectuated by a micromanipulator plucking out individual beads. However, a 

1 5 preferred mode involves the use of beads that have been previously labelled with a 

fluorescent tag. A laser of the appropriate wavelength is then used to bleach the 
resident beads in only the positive wells. All the beads are then removed en masse 
and sorted by FACS to identify the bleached positives. The associated tags may then be 
amplified and decoded. 

2 0 In a variation of this assay, the oligomer and tag may be synthesized 

attached to a common linker, which, in turn, is bound to the solid support. After 
placing the beads in the wells, one can cleave the linker from the bead, producing a 
tagged oligomer in solution. An immobilized receptor, such as a receptor bound to a 
bead or a receptor immobilized on one surface of the well, can be screened in a 

2 5 competition assay with the oligomer and a fluorescently labeled ligand. Instead of 

recovering the beads, one may recover the beads bearing immobilized receptors and 
sort the beads using FACS to identify positives (diminished fluorescence caused by the 
library oligomer competing with the labeled ligand) or one can determine the 
fluorescence emitting from the well surface coated with receptor. The associated 

3 0 identifier tag may then be amplified and decoded. 

In a third variation of this approach, soluble tagged oligomers, produced 
either by cleavage of the linked oligomer and tag from the solid support as described 
above, or synthesized by theVLSIPS™ method described above, or synthesized in 
solution without a solid support, are incubated with an immobilized receptor. After a 
3 5 wash step, the bound, tagged oligomers are released from the receptor by, e.g., acid 
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The B5 s of the bound oligomers ere amplified end deoodod 

nronomer additions in parallel ts tenable JHus =»be P ( ^ ^ 

automated instrument able to perform 50 to 100 

_, is oapable o f ^^^^1^ ^ — • 
supports, under programmable control, to the vano 

' ° *"* ^"^a „ me plumbing *•« of P** - 15 "J*** * " 

peptides for assay purposes, bee i u i ^ 
20 by reference. 

HXAMPLE,. SYNTHESIS ON GLASS BEADS OF 4 FLUORESCENTLY TAGGED 
PENTAPEPTIDES 

withrefluxingl M ao^us HNQ 3 for 20 min. The beads were pelleted and washed 

* fZ water (5x) and methanol (3x) and dried at 125 degrees C for 12 hours. 
Si ^ vor «ed with a 5% soluuon of aminopropyltriethoxysilane in acetone for 
10 houTs pTeted and then washed with acetone (2x), ethanol (5x), and methylene 
30 I^wSd*d-»df-CW* Beads weresuspen de dmdryDMF 
coining diisopropylethylamine (17 ul, 100 jancte) and a soluUon of ^ 
Pent^uorophenyl ester (200 mg, 420 umoles, Peninsula Labs) m Stalled 
was added After vortex treatment for 11 hours, the beads were 

35 ^thalO%soludonofacencanhya^demDMFcontammg0.05molof4- 
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dimethylaminopyridine to cap any underivatized aminopropyl groups, and then 
washed with DMF (2x) and methylene chloride (2x). Beads were vortexed with a 20% 
solution of piperidine in DMF and the release of the Fmoc-piperidine adduct 
quantitated by monitoring the absorbance spectrum of the supernatant at 302 run 
5 ( e 302 = 7800 M- 1 cm- 1). An estimate of the degree of substitution of 10 umoles of 
amino groups/g beads was thus obtained. Finally, the beads were washed with 
ethanol (5x) and methylene chloride (2x) and then dried at 85 degrees C for 12 hours. 

B. Preparation of Boc-GIy-L-Phe-L-Leu-OH 
1 0 Glycyl-L-Phenylalanyl-L-leucine (552 mg, 1.5 mmol, Bachem) was 

dissolved in a solution containing distilled water (10 mL) and 1 M NaOH (1.5 mL). 
The solution was cooled in an ice bath and was treated with a solution of di-tert-butyl 
pyrocarbonate (337 mg, 1.5 mmol) in p-dioxane (12 mL). A white precipitate rapidly 
formed but redissolved after stirring^ at room temperature for 4 hours. The solution 

1 5 was concentrated to dryness in vacuo, the residue taken up in water (5 mL), and the 

pH adjusted to 2.5 by the addition of 1 M KHSO4. The aqueous suspension was 
extracted with EtOAc (2x, 15 mL), the organic layer separated, and dried over MgS04. 
After removal of the solvent in vacuo, the residue was triturated with hexane to 
afford Boc-Gly-L-Phe-L-Leu-OH as a white solid (yield=642 mg, 98%). 

20 

C Preparation of Gly-L-Phe-L-Leu Beads 

Boc-Gly-L-Phe-L-Leu-OH (44 mg, 0.1 mmol), benzotriazol-1- 
yloxytris(dimethylamino)phosphonium hexafluorophosphate (44 mg, 0.1 mmol) and 
1-hydroxybenzotriazole hydrate (14 mg, 0.104 mmol) were dissolved in dry DMF (1 

2 5 mL). Diisopropylethylamine (20 pi, 0.115 mmol) was then added and 0.65 mL of this 

solution was immediately transferred to a microcentrifuge tube containing 80 mg of 
amino derivatized glass beads. The sealed tube was vortexed for 3.5 hours, and the 
beads were then pelleted and washed with DMF (3x) and methylene chloride (2x). 
The beads were then deprotected with a 50% solution of trifluoroacetic acid in 
30 methylene chloride for 30 min., washed with methylene chloride (2x), ethanol (2x), 
and methylene chloride (2x), and dried at 55 degrees C for 1 hour. 



35 



D. Preparation of Glv-Glv-L-Phe-L-Leu Beads fSEO ID NO:10) 

Fmoc-glycine pentafluorophenyl ester (46 mg, 0.1 mmol) was dissolved 
in dry DMF (1 mL) containing dusopropylethylamine (17 |il, 0.1 mmol). About 0.65 
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. «„ c n\„ t pvia-T -Leu beads in a microcentrifuge 
mL of this solution was added to 20 mg of Gly^L ^» 

with a 20% solution of pipendine in DMF for 30 nun. ine 

DMF (2x), ethanol (2x), and methylene chloride (2x) and drxed at 60 degrees 



10 



15 



20 



hours. 



25 



■p ■ , ■nMlnnMLfT T i n Q yj EfagJ - T gu Bparfo fSFO TP NQ:11 ) 

washed with DMF (2x), ethanol (to), and methylene chlonde (2x> ana dned 
degrees C for 4 hours. 

F EucaescMEStaiai^ Bead? ,win450ulof 
^utl^eg of Gly-ay-L-Phe-L-Leu beads were suspended m 450 ul of 

. u CnM ft si and 54 ul of a 10 uM solution of fluorescein 

■*r- b T,Sfo added ^ t vol — for 1.5 hones, ft* heeds were 
isothiocyanate (FITC) added. Aner analysis 
washed with buffer (5x), ethanol (2x), and methylene chlonde 
indicated that approximately 10% of available amino groups had been titrated with 

FTTC. 

G . aafctfT,,, hi M nionntoM^reofTrF rn ^-rhH-Ut , ^ 

^ ^of^ChbJedGlyW-Whe-L-Uu be,* and 5 ****** 
nh-L Leu beads were mixed together in . single robe, vortexed with . 0.1 mM 

m . 95umol) N*yd»xysnednimldobioBn (1.7 mg, 5 l"nol) end 
^p,„T te ihlnL V * ™ 1-* in dry DMF (1 mL). After vorteungfor 3 
2S weee Ihed wirh disdlled water <2*L ethanol (2x), methylene 
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chloride (2x) and DMF (be). Fmoc deprotection was effected by treatment with a 20% 
solution of piperidine in DMF for 30 min., and tert-butyi side chain protecting groups 
were removed by treatment with 25% trifluoroacetic acid in methylene chloride for 30 
min. The pelleted beads were washed with methylene chloride (2x), ethanol (2x), and 
5 TBS (lx). 

H. R-Phvcoervthrin Staining of Biotinvlate d T^Tvr>(Glv/L-ProVGlv>L-Phe-L-Leu 
Beads (Mixture of SEP ID NO:12 and SEP ID NQ.13) 

Biotinylated L-tyrosine beads from (G) above were suspended in TBS (0.5 

1 0 mL) and treated with 10 *il of R-phycoerythrin-avidin conjugate (Molecular Probes) 

for 30 min. Pelleted beads were washed with TBS (5x). 

I. Co-coupling of L-Proline and Biotin to Mixtu re of L-Pro-Glv-L-Phe- 

L-Leu and FTTC labelled Glv-G1v-L-Phe-L-I eu Beads (Mixture of SEP ID NQ:lg 

15 and SEQ JD NP:}4) 

5 mg of a mixture of L-Pro-Gly-L-Phe-L-Leu and FTTC labelled Gly-Gly- 
L-Phe-L-Leu beads were treated with a solution containing Fmoc-L-proline 
pentafluorophenyl ester (48 mg, 95 ^mol), N-hydroxysuccinimidobiotin (1.7 mg, 5 
jimol), and diisopropylethylamine (17 100 \xmol) in dry DMF (1 mL). After 

2 0 vortex treatment for 3 hours, the beads were washed with DMF (2x), ethanol (2x), 

methylene chloride (2x), and DMF (lx). Fmoc deprotection was effected by treatment 
with a 20% solution of piperidine in DMF for 30 min., and by way of control, the 
beads were treated with 25% trifluoroacetic acid in methylene chloride for 30 min. 
The pelleted beads were washed with methylene chloride (2x), ethanol (2x), and TBS 
25 (lx). 

J. Tri-Color Staining of Biotinvlated L-Pro- fGlv/L-ProVGIv-L-Phe-L- 
Leu Beads 

Biotinylated L-proline beads from (i) above are suspended in TBS (0.5 

3 0 mL) and treated with 20 \& Tri-Color. streptavidin conjugate (Caltag Labs) for 30 min. 

Pelleted-beads are washed with TBS (5x). 

K. Selection of Beads Containing Peptide Ligands for Monoclonal ATrtifrpdy W 7 
Monoclonal antibody 3E7 was raised against the opioid peptide beta- 
3 5 endorphin. The binding specificity of MAb 3E7 has been well characterized by 
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constants (Kd) of the peptides considered here are as follows. ^ 

^GFL, PPGFL, and PGGFL are each >1 mM; thus, only the peptide YGGFL shows 

appreciable affinity for the antibody. PPGFL 
5 A mixture of beads containing either YGGFL, YPGFL, 1 j^* 

indicating that only beads displaying the peptide YGGFL are selected oy 
antibody. 

„ EXAMPLE 2: SVNIHESE ON GLASS BEADS OF 4 PENTAPEFTIDES TAGGED WHH 
OLIGONUCLEOTIDE IDENTIFIERS 

A. isa^^*^^ 

The oligonucleotide identifier tags (I)-(IV) have the seque 

Tyr in position 1, and L-Pro in position L # ^~- rrr T- n rTr; 
CTTCTTITTTrCTCTCCCTCTCTCCTCTCTCcccmctctcctttc 
||rr ^^^rTrTrrrrTCC-3- (SEQIDNO:!) 

On 5'-BlB2OTCTICCTCTCCCTCI^ 
CTITCrrriTTCTCTCCCTCTCTCCTCTCTCcccmrtctcc^ 

d£gm£ rCTCTrTrTTCTITCQ-3- (SEQ ID NO*) 

am 5 M3iB2<nTrcnTCC^^ 

CnTTCTTTTTCTCTCCCTCTCTCCTCTCTCtcttcctttcccrtrt 
, „ „ , r ^ rT ^^rTrTrrTTTCC.3- (SEQIDNOS) 



25 (I) 
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(IV) ^ , -RlR2.rTTTC TTCCTCTCC rTrTTTTCTC CTC1 rCT 111 1 lCTC 
CTI 1CJ1 1111 IC TCTCCCTCTCTCCTCTCTCtcttcctttcccctct 
^r^CTCTCCTCTC^C^CTTCTTTCC-y (SEQ ID NO:4) 
5 where: Bl =p-Maleimido-C6H 4 -(CH2)3-C(0)NH-(CH2)6-0-P02-0- / and B2 = CH 2 - 
CH[(CH 2 )4-NH-Biotin]-CH2-0-P02-0. 

Oligos (I)-(IV) are synthesized on an ABI PCR-mate synthesizer using 
commercially available (Sigma) DMT-O-Me phosphoramidites. The N4-amino group 
of cytidine is protected as the benzoyl derivative. The 5' terminal (Bl) and 
1 0 penultimate (B2) phosphoramidites are respectively N-MMT-C6-AminoModifer 
(Clonetech) and Biotin Phosphoramidite (Glen Research) for each oligonucleotide. 
The fully protected O-methyl phosphotriester oligomers are cleaved from the CPG 
support by treatment with concentrated NH4OH at 25 degrees C for 1 hour. The crude 
products are purified by affinity chromatography on a monomeric avidin-agarose 

1 5 column (Pierce), and the full-length material is eluted with 2 mM biotin. The 5- 

MMT group is removed by treatment with 80% acetic acid for 1 hour at 25 degrees C, 
and the solution is evaporated to dryness. The products are dissolved in PBS, pH 8.0, 
and treated with a 50-fold excess of sucdnimidyl 4-(p-maleimidophenyl) butyrate 
(Pierce) in DMF for 30 min. The modified, protected oligonucleotides are desalted by 

2 0 RP-HPLC, lyophilized and stored under nitrogen. 

The primers used for PCR and sequencing are prepared in the normal 
fashion and are shown below: 

5 f PCR Primer 5 , -TCCTCTCCCTCT^TCTCCTCT-3 , (corresponds to 

bases 7-28 of SEQ ID NO:l) 
25 3' PCR Primer 5'-Biotin-GGAAAGAAGAGAGAGAGGAGAGG-3' (SEQ 

ID NO:5) 
NO:6) 
30 NO:7) 



Step #1 Sequencing Primer 5-AGAGAGGGGAAAGGAAGA-3' (SEQ ID 
Step #2 Sequencing Primer 5-AGGAAAGGAGAGAAAGGG-3' (SEQ ID 



B. Preparation nf GIv-Glv-L-Phe-L-Leu Beads Bearing Identifier Oligo ffl 

5 mg of Gly-L-Phe-L-Leu beads are treated with a solution containing 
Fmoc-Gly-OH (99.95 \imo\), Fmoc-Cys(Npys)-OH (0.05 nmol, Calbiochem), 
35 benzotriazol-l-yloxytris-(dimethylamino)phosphonium hexafluorophosphate (100 
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10 



15 D 



20 
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30 



Mmol) in dry DMF (1 m L ) for 2 hours. The beads « ™* ° JJ^ for 30 

H — M and man «ea,ed w,*a ^ ™^d „i* ice^d 
^ « depro.ec, the 10 0 „ of a 0.1 mM solution 

methanol (2x), pelleted, and than teactad for 20 £ 

at 45 degrees C for 1 hour. 

fx •n.- n G1 y T - P ^- T -T Pn Bead - *"r- ; " f THpntifipr OligP TO 

Fm „c-L-F*c-OH Id Oligo (0) for F moody-OH and Oligo (I), respecbvely. 

Ba^^aoM i tit istefl Mayjaa^ia^^ 

■^SSfS are poofad and *,ided into^o 
Onapn rt on i s«a,ad.sin ( h,,subsd W nn g Fmoc(0,Bu).L-T y ^Ha„dOhgo(ni,». 

appropriate. 

E rrrI . rrafn n -rr.P,^ |, 3 ^ ^T^Irrdsllffln nr lMfa 
QUSffi SSool fs treated as Wore, subsntudng Fmoo-L-ProOH and 
Oligo (IV) as appropriate. 

F rrrnp--^™ He proterrion of the PPptide Library 
^adTion^dTana^^^ 
, . . nucleotide exocydic amino protecting groups are removed as follows. A 
^ ZtZ w^7l-2:2 mixture of thiophenol: triethylamine: p-dioxane * 



WO 93/06121 PCT/US92/07815 



39 

and PPGFL. Additionally, each bead carries two distinct 113 bp oligonucleotide 
sequences encoding the identities of both the first and second amino acids of the 
peptide on that bead. 

5 Q PCR Amplification of O ligonucleotide Identifier Tag 

After a FAC sort of affinity purified beads into individual 0.5 mL 
polypropylene tubes, 25 \il of TBS containing 0.1 \ig salmon sperm DNA (as carrier) 
are added together with 25 \d of 2X PCR Amplification Buffer (PECI) to each tube. The 
2X buffer contains: 100 mM KC1; 20 mM Tris-Cl, pH 8.4, 20 degrees C; 6 mM MgCl2; 
10 0.4 mM dNTFs; 1 uM of 5' PCR primer; 1 uM of 3' PCR primer; and 100 units/ml Taq 
DNA polymerase. 

After buffer addition, the sample is covered with 50 \A of mineral oil and 
transferred to an automated thermal cycler. In the thermal cycler, the samples are 
heat denatured at 95 degrees C for 2 min., and then cycled 35 times through 3 steps: 95 

1 5 degrees C/30 sec, 60 degrees C/l min., 72 degrees C/l min., which steps are followed 

by an incubation at 72 degrees C for an additional 5 min. and then the tubes are cooled 
and held at 15 degrees C until ready for processing on streptavidin beads. The 
mixture is heated to 95 degrees C to denature the strands, and the biotinylated purine 
strand and excess 3' PCR primer are removed by addition of streptavidin-coated beads. 

2 0 The tubes are centrifuged at 12K rpm for 5 min. The supernatant is used in the 

sequencing reactions, as described below. 

H. Sequencing of PCR Amplified Oligonucleotide Tags 

The amplified oligonucleotides from individual bead isolates are 

2 5 sequenced in a pair of reactions (using ddA or ddG as chain terminators) with either 

the Step #l-specific or the Step #2-specific sequencing primers. 

To anneal the template and primer, for each set of two sequencing lanes, 
a single annealing and subsequent labeling reaction is run by combining 8.5 ^1 of 
sequencing primer (conc.= 0.25 pmol/*il), 1.5 Sequenase™ 5X sequencing buffer 

3 0 (200 mM Tris HC1, pH 7.5; 100 mM MgCl2; and 250 mM NaCl), and 10 ul of template 

DNA from the amplification supernatant above. The samples are heated for 2 
minutes at 65 degrees C and allowed to cool slowly to room temperature (approx. 10 
minutes). 

The labeling reaction is performed as follows. Sequenase™ (v2.0) is 
3 5 diluted 1 : 20 with TE (10 mM Tris HC1, pH 7.5; and 1 mM EDTA), and a labeling 
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• , o ■ % s ratio of diluted enzyme to labeling mix (i.e., a 4 : 2 : 1 
rZTiS^SS LmckUilaK * X0 HI - — 

5 renm ™ . . . rf te „ prop riate ddXTP tenmnaoon 

— !" ^ ^ » S. N,C,. - 8 iU ddGTP or 8 

reactionmixes(i.e.,80|iMQ^ii,o"^ Solution 
,M ddATP). After incubation at 37 degrees C for 5 mm, f^^^ 1} 
<?5% formamide, 20 mM EDTA, 0.05% bromophenol blue, and 0.05 xy j 
10 are added to each of the termination reactions. 

10 ^ seaue ncing gel is comprised of 6% total acrylanude (19.1 

gel is polymerized by addition or |u polymerize at least 

ul of TEMED per mL of above gel solution. The gel is allowed K p y 

V a -e „„>r„n at least 20 minutes prior to sample loading. Gel plates are 

sequences of mterest run between in r ^ oligomers attached 

20 information required to identify the sequence of monomers g 
to the bead is contained in the DNA sequence information. 

EXAMPLE 3: PARALLEL SYNTHESIS OF PEPTIDES AND OLIGONUCLEOTIDE 
TAGS ON CARBOXYL BEADS 
25 A Sva&SSiS of Pho-PboramiHites (p-ffV) nMT derivatives 

^"^he 3'-(allyl N,Ndnso P ropyl-phosphoramidites) of 5 -DMT derivative 

0 f (1 )N6-(an^xy)cW 

or. w w V y Ji onyi^eaza-r-deoxyguanosine; and (4) 

r» n,,,;., .tizing Carfesxyj Beads With a Diamine Linker 
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(Bangs' Laboratories) were each placed in a separate microcentrifuge tube and treated 
as follows. First, the beads were treated with 0.1 N aqueous HCL (3 ml) and stirred by 
vortexing for 15 minutes. The beads were then pelleted with a microcentrifuge, the 
liquid supernatant decanted, and the remaining bead pellet successively washed (by 
5 vortexing, pelleting, and decanting: a process referred to as "washed") with water (3 x 
1 mL) and dimethylformamide (DMF, 3x1 mL). 

The compounds 2-(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium 

hexafluorophosphate (HBTU, 38 mg, 0.10 mmol), 1-hydroxybenzotriazole (HOBT, 
15mg, 0.10 mmol), and DMF (0.5 mL) or dichloromethane (0.5 mL) were added to the 
1 0 bead pellet. Diisopropylethylamine (DIEA, 54 0.30 mmol) was added, and the 

suspension was vortexed for 1 min. The compound 4,9-dioxa-l,12-dodecanediamine 
(20 jil, 0.10 mmol) was then added, and the reaction was vortexed for 30 minutes. The 
reaction was then diluted with DMF (1 mL), the beads were pelleted, and the 
supernatant decanted. The pellet was treated with 9:1 DMF/water (1.0 mL) and 

1 5 vortexed for 15 minutes. The beads were then pelleted, the supernatant decanted, and 

the beads washed with DMF (3 x 1.0 mL). 

C. Attaching Peptide and Oligonucleo tide Synthesis Linkers 

100 mg of the beads are treated with a mixture of 4-Fmoc-aminobutyric 
20 acid (0.1 mmol) and 4-p,p , -dimethoxytrityl (DMT)-hydroxybutyric acid (0.1 nmol) in 
the presence of HBTU (0.1 mmol), HOBt (0.1 mmol), and DIEA (0.1 mmol) in 9:1 
CH2Cl2:DMF (1.0 mL). After vortex treatment for 30 minutes, the reaction mixture is 
diluted with DMF (1.0 mL), the beads pelleted, and the supernatant decanted. The 
beads are washed with DMF (3 x 1.0 mL). The coupling procedure is then repeated 

2 5 with fresh reagents, and the beads are pelleted and washed as described above. 

D. Buildin g a 3' P CR Priming Site on the Hydroxy Linkers 

The parallel assembly of oligonucleotide-tagged peptides on beads is 
illustrated in Figure 8. A FCR priming site of 20-25 nucleotides is assembled as 

3 0 follows. Note that all reagents used are anhydrous, and reactions occur under an 

atmosphere of dry argon. About 10 mg of the beads are subjected to an eight-step 
reaction sequence to couple a protected phosphoramidite. The reaction steps are: (1) 
beads are washed for 0.5 minutes with acetonitrile (MeCN); (2) DMT groups are 
removed with 3% trichloroacetic acid in CH2CI2 for 1.5 minute; (3) beads are washed 
3 5 with MeCN for 3 minutes; (4) beads are treated with 0.1 M phosphoramidite (I, II, m, 
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or IV) in MeCN eonufnin* effnee « - '^S^ SSJiSST 

0.5 minutes; (6) beads are cappea wiu rjfrCb for 0.8 

. „„/ nMAP- m beads are oxidized with 1 M tBuOH in t,n2^Z 
containing 5% DMAr, t/; oedus M _ e through 

nucleotides. 

^ i- _c ir.rct Amino Arid to Amino Linkers 

E C ffli Elfflg of F ' rst Ammo n " a " ".lfprriated as illustrated in 

n Peptide and nucleotide couplings may be alternated as iuus 

» mi- and «. beads are washed with DMF <3x) and 8- mft MeCN <3*> 

20 of She f*s, aaL add is then bui» a t ». , end of *e oU 8 ono d eodde ehaan usang 
the 8-step coupling cycle in procedure (d) above. 

^nTm^ToT^ (e) -d C^etten repeated using the 
2 5 appropriate amL acid and nucleotide building blocks «n* the desired peptide and 
trinucleotide coding region are completely assembled. 

30 nucleotide PGR priming site on the V terminus of the oligonucleotide chains. 

t n - Itrrti nn of the Q Ugonacle atide ™ A p T tiHp Chains a . 

1 ^ 1 ' Tfuny assembled peptide and ougonudeodde ohains - *£~< 

3 5 piperidine in DMF and then a wash with THF (3x). To remove y f 
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groups, the beads are treated with a THF solution containing 
tris(dibenzylideneacetone) dipalladium-chloroform complex (0.02 M), 
triphenylphosphine (0.2 M), and 1:1 n-butylamine/formic acid (L2 M) at 50°C for 30 
min. and the pelleted beads are washed with THF. The beads are washed with 0.1 M 
5 aqueous sodium N,N-diethyldithiocarbamate and then water to remove traces of 
palladium. The amino acid protecting groups are then removed by treatment with 
95:5 TFA/water for 30 min. "Scavenger" reagents such as 1,2-ethanedithiol and 
thioanisole may also be included in this acidic deprotection medium (e.g., 2% of each 
by volume). Finally, the fully deprotected beads are washed with aqueous buffer and 
1 0 are ready for interaction with a biological receptor. 

EXAMPLE 4: LIBRARY PREPARATION AND SCREENING 

In this example, two populations of amine derivatized beads were 
labeled with oligonucleotides possessing base sequences uniquely characteristic of 

1 5 each bead population. The population labeled with an oligonucleotde 95 bases in 

length (95 mer) was subsequently coupled to the peptide YGGFL. The population of 
beads labeled with an oligonucleotide 110 bases in length (110 mer) was coupled to 
phenyalanine (F). The beads were then mixed in the ratio of twenty F/110 mer 
beads for each YGGFL/ 95 mer bead and stained with a fluorescently labeled antibody 

2 0 3E7 that binds the peptide YGGFL with high affinity. Individual fluorescently 

stained beads could then be sorted by FACS directly into PCR tubes. After PCR, 5 of 6 
fluoresently stained beads gave rise to a fragment of amplified DNA 95 bp long. PCR 
of the remaining single bead gave rise to small DNA fragments, possibly being 
primer dimer. 

2 5 The oligonucleotides used in this experiment are the two tags, two PCR 

primers, and one sequencing primer. The same PCR and sequencing primers were 
used for the two tags. The two tags differ in their sequence and length. Both tags 
were composed of the bases 7-deazaA, C, and T. 
The 95 mer tag has the sequence: 

3 o CCA CTC ACT ACC ACT CTA CTA TAA C CA CCC CTT CCT ATT CCA AAA TTA 

CAA Act tat etc aac tac ate t C A C AC TCA CTC ATC TCT ACA TCT A C (SEQ ID 
NO:8) 

The 110 mer tag has the sequence: 

rr A CTC ACT AC C ACT CTA CTA TAA CCC TCC CCT ATT CCA AAA TTA CAT 
3 5 CCT ATT CCA AAA TTA CAA Act tat etc aac tac ate tCA C AC TC,A CTC ATC TCT 
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1 0 desaibed below. HQ d vortexe d 15 

Bm j. nnn me) were treated with 1.0 mL or i in ru_i <u 

rf. „, wafer waah aod ft. waahad 3* w* . 

washad paUer was added '^^Ue hydra., 

1 5 hexafluorophoaphatt (HBTU; 38 mg, 0.1 mmote), 1 hydroxy 

diisopropylethylanune (DEA; 0.3 mmole). Aftar ™» ' rf Ate.or.ox 

treatmentfor30nun,1.0mLofDMbwasaQ , • fa DMF 

20 centrifugal ^mg^^'^^^^^^^ 
was added. The beads were vortexed an additional 15 nun. ana y 

with 1.0 mL of DMF each wash. 



•a Qlirnrmrlp"^° Attachment 

B - QUg % w 7die^n7^U S onudeo were employed in to 

ws,eI We,e Sd ?i "X G« »ta column ft* had b*n aa.uUibro.od wift 
XT ST! ■ SI aod ,yophU*ed ,0 «- - «■ 

35 hydroxysucciriamide ester of the oligonudeobde. 
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This activated oligonucleotide was dissolved in 50 \iL of 0.1 M Na- 
phosphate, pH 7.5, which contained 0.1 mg/mL of sonicated salmon sperm DNA. 
This solution was added to 10 mg of diamine derivitized beads. After vortex 
treatement for 3 hr., the beads were washed 2x with 0.4 mL of 0.1 M Na-phosphate, 
5 pH 7.5, each wash, and then washed 2k with 0.4 mL of 0.1 N NaOH. Finally, the 
beads were washed with 3x with 0.4 mL of pH 7.5 buffer. 

C P»p«*e Attachment 

To Boc-YGGFL or Boc-Phe (Boc = t-butoxy-carbonyl amine protecting 
1 0 group; 0.1 mmole) was added HBTU (0.1 mmole), HOBT (0.1 mmole), 1.0 mL of 10% 
DMF in methylene chloride, and DIEA (0.3 mmole). After vortex treatment to 
dissolve the solids, 0.4 mL of the peptide solution was added to 3 mg of 
oligonucleotide-labeled beads. The solution containing Boc-YGGFL was added to 
beads labeled with the 95 mer, and the solution containing Boc-Phe was added to 

1 5 beads labeled with the 110 mer. The reaction mixtures were vortexed 30 min. and 

then diluted with DMF, centrifuged, decanted, and the bead pellets washed with 3x 
with 1.0 mL of THF. The Boc protecting groups were removed by treating the beads 
with 0.4 mL of 95% trifluoroacetic acid for 10 min. The deprotection reaction was 
then diluted with THF, centrifuged, and decanted, and the beads were washed with 
20 3x with 1.0 mL of DMF each wash. Finally, the beads were washed with 3x with 0.5 
mL of 0.1 M Na-phosphate, pH 7.5, each wash and stored as a slurry (10 mg/mL). 

D. Mixing. Sta ining, and Sorting 

The beads coupled with the 95 mer and YGGFL were mixed with the 

2 5 beads that were coupled to the 110 mer and F in the ratio of 1:20. Thus, 0.1 mg of 95 

mer/ YGGFL beads (2 million beads) were mixed with 2.0 mg of the 110 mer/Phe 
beads (40 million beads). The mixture was suspended in blocking buffer (PBS, 1% 
BSA, and 0.05% Tween-20) and incubated at room temperature for 1 hr. The beads 
were next pelleted by centrifugation and resuspended in a solution of an FTTC- 

3 0 labeled monoclonal antibody 3E7 that binds the peptide YGGFL (1 ug/mL). The 

suspension was incubated 0.5 hr on ice and then centrifuged to isolate the bead 
pellet. 

The beads were resuspended in PBS for delivery into the fluorescence 
activated cell sorting (FACS) instrument (Becton Dickinson FACSORT Plus). Beads 
3 5 that had bound to the fluorescently labeled antibody were identified by their 
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10 



15 



E A mrlifirnrionnf Sorted Beadg beads was added 25 \£L of PCR 

To each PCR tube containing a bead or beads was au ^ 

Trr nH 8 7- 10 mM KCL; 10 mM (NH4) 2 S04; 2 mM Mgdz, 0-1 A 

fM 1 mi "' <M loading dye (2 |i« was added to 10 fiL of each PCR. and the sample 

sbiining with ethidium bromide and exposure to UV bght Rve 
contailg single Eourescan, baads gave dsa to 

length, confirming tot tbese beads were coupled £ fragments. 

HO bp from amplification ted oUgonuc leotide tags in 

products may have — free £ P xocyclic a^es to couple to the F 

problem would not have affected the 95 mer tag to the same extent, beca 
would be less reactive with the exocyclic amines than F. 

^ b Id Xpldon. The subpopufcdon to. bad been - - 
me Deau f r described in Example 4) was 

oligonudeotde 95 bases »^<£" ^ ^ of beads that had been 

5 subsequently coupled to the peptide YGGFL. inepopui 
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labeled with an oligonucleotide 110 bases in length (the 110 mer described in 
Example 4) was coupled to the peptide FLFLF. (SEQ ID NO:16) The beads were then 
mixed in the ratio of twenty FLFLF/ 110 mer beads for each YGGFL/95 mer bead (i.e., 
20:1) and stained with a fluorescently labeled antibody (3E7) that binds the peptide 
5 sequence YGGFL with high affinity. Individual fluorescently stained beads and 
unstained beads were sorted directly into PCR tubes. Upon PCR, all the fluoresently 
stained beads gave rise to a fragment of amplified DNA 95 base pairs in length, and 
all the unstained beads gave rise to a fragment 110 base pairs in length. 

10 A. ppptiHP Coupling Step #1 

To Fmoc-Gly (Fmoc = 9-fluorenylmethoxycarbonyl amine protecting 
group; 0.1 mmole) was added HBTU (0.1 mmole), HOBT (0.1 mmole), 1.0 mL of 10% 
DMF in methylene chloride, and DIEA (0.3 mmole). After vortex treatment to 
dissolve the solids, 0.4 mL of the solution containing the activated amino acid was 

1 5 added to 50 mg of diamine derivatized beads. The reaction mixture was vortexed 30 

min. and then diluted with DMF, centrifuged, decanted, and the bead pellet washed 
twice with 1.0 mL of DMF. The coupling reaction was then repeated. The beads 
were then treated with 1.0 mL of 30% piperidine in DMF with vortexing for 1 nr. to 
deprotect the glycine amino group. 

20 

B. Oli gonucleo tide Labeling 

Two different target oligonucleotides were employed in this 
experiment: the 95 mer and 110 mer described in Example 4. Half of the bead 
sample described above (25 mg) was labeled with the 95 mer, and the other half was 

2 5 labeled with the 110 mer. These oligonucleotides are composed of 2'-deoxy-cytidine, 

thymidine, and 2'-deoxy-7-deaza-adenosine. The oligonucleotides were synthesized 
with a primary amino group on the 5'-terminus (MMT-C12-Aminomodifier, 
Clonetech Laboratories, Inc.). Lyophilized oligonucleotide (1.5 nmole) was dissolved 
in 10 UL of 0.5 M Na-phosphate, pH 7.7, and the solution was then treated with 20 
30 uL of 0.2 M disuccinimydylsuberate (DSS). The reaction proceeded 10 min,, and 
then, 70 uL of ice-cold water were added. Unreacted DSS was removed by 
centrifugation. The supernatant was passed through a G-25 spin column that had 
been equilibrated with water. The eluant was immediately frozen and lyophilized 
to isolate the S'-N-hydroxysuccinamide ester of the oligonucleotide. This activated 

3 5 oligonucleotide was dissolved in 100 uL of 0.1 M Na-phosphate, pH 7.5, which 
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gained 0.X mg/mL of sonicated salmon sperm DNA «- solu = added 
25 m g of glycine-coupled beads. After ^ or 3 ^ q ^ ^ ^ 

0.1 N NaOH. Finally, the beads were washed three times with 



buffer. 
C 



S 1« DMF in metoyfene chloride. and OTA (UK klle 
to dissolve to solids, to « ddulcd tt ^ * '^Tcta^oupW 

rj*A tn the 95 mer and YGGFL in the ratio of 20:1. Thus, u.i mg 
beads that were coupled to the ,5 me. ana 

of 95 mer/YGGFL beads (2 million beads) were mixed with buffer 

„ /MJ beads (40 million beads). The mixture was suspended m Wodang Dun 
« ™ " 5% Tween-20) and incubated at room temperature for 1 hr^ 
Cs wlre L peUetedby centrifu.ation ^^^7 
lab eled monoclonal antibody (3E7) that ^gnizes te peptid ^ ^ 
Hg/mL). The suspension was incubated 05 hr. on ice and then centnrug 

the bead pellet delivery into the fluorescence 

The beads were resuspended m PBS for deUvery . Beads 

activated cell sorting (FACS) instrument (Becton Didonson £ACXK -ft* 
that had bound to the fluorescently labeled antibody were identified by their 
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acquired fluorescence (see Figure 10), and homogeneous samples of either 
fluorescent or non-fluorescent beads were isolated by sorting into PCR tubes. One, 
ten, or one hundred beads of each type were sorted into each PCR tube. 

5 E PCR nf Sorted Beads 

To each PCR tube containing a bead, or beads, was added 25 uL of PCR 
mix (20 mM Tris-HCl, pH 8.7, 10 mM KCL, 10 mM (NH4)2S0 4 , 2 mM MgCl2, 0.1% 
Triton X-100, 0.14 mg/mL BSA, 200 uM dATP, 200 uM dGTP, 200 uM dCTP, 200 uM 
dTTP, 2 uM of each primer (as described in Example 4), and 0.5 units of Pfu DNA 

1 0 polymerase). Reactions were subjected to 40 cycles of 95°C for 0.5 min., 55°C for 1 
min., and 72°C for 1 min Gel loading dye (2 uL) was added to 10 uL of each PCR anc 
the sample run on a 2% low melting point agarose gel. DNA fragments were 
visualized by staining with ethidium bromide and exposure to UV light Six single 
bead samples, three 10 bead samples, and three 100 bead samples were amplified 

1 5 from both the fluorescent and non-fluorescent populations. All the bead samples 
from the flourescent population produced only DNA fragments 95 base pairs in 
length, and all the samples from the non-fluorescent population produced only 
fragments 110 base pairs in length (see Figure 11). 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

m APPLICANT: DOWER, WILLIAM J 
(i) At^J- BARRETT, RONALD W 

GALLOP, MARK A 

NEEDELS, MICHAEL C 

TITLE OF INVENTION: METHOD OF SYNTHESIZING DIVERSE 
(13.) Tii ^ I>LECTI oNS OF OLIGOMERS 

(iii) NUMBER OF SEQUENCES: 16 

|C) CITY: SAN FRANCISCO 

(D) STATE: CALIFORNIA 

(E) COUNTRY: USA 

(F) ZIP* 94105 

/v) COMPUTER READABLE FORM: 

( ' ( A) MEDIUM TYPE: Floppy 

tt\ COMPUTER: IBM PC compatible 
J SEATING SYSTEM: ^-DOS/MS-DOS 
(D) SOFTWARE: Patentln Release #1.0, versio 

fvi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

1 (A) NAME: Smith, William M. 

(B REGISTRATION NUMBER: 30,223 

(C) REFERENCE/ DOCKET NUMBER: 11509-36 1 

fix) TELECOMMUNICATION INFORMATION : 
1 <A1 TELEPHONE: 415-543-9600 

(B) TELEFAX: 415-543-5043 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTCT TTTTTTCTCC TTCTTTTTTT CTCTCCCTCT 60 
CTCCTCTCTC CCCTTTCTCT CCTTTCCTCC TCTCCTCTCT CTCTTCTTTC C 111 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTTC TTTTTTCTCC TTTCTTTTTT CTCTCCCTCT 60 
CTCCTCTCTC CCCTTTCTCT CCTTTCCTCC TCTCCTCTCT CTCTTCTTTC C 111 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTTT CTTTTTCTCC TTTTCTTTTT CTCTCCCTCT 60 
CTCCTCTCTC TCTTCCTTTC CCCTCTCTCT CTCCTCTCCT CTCTCTCTTC TTTCC 115 
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(2 ) INFORMATION FOR SEQ ID NO: 4: 

m SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
C^CT CTCCCTCm TCTCCTCTC TTTTTTCTCC TTTCTTTTTT CTCXCCCTCT « 
CTCCTCTCTC TCTTCCTTTC CCCTCTCTCT CTCCTCTCCT CTCPCTCTTC TTTCC 



(2) INFORMATION FOR SEQ ID NO:5: 

f\\ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: ^ 
GGAAAGAAGA GAGAGAGGAG AGG 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i\ SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
* (Xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: ^ 
AGAGAGGGGA AAGGAAGA 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 7: 
AGGAAAGGAG AGAAAGGG 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 95 base &>airs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CCACTCACTA CCACTCTACT ATAACCACCC CTTCCTATTC CAAAATTACA AACTTATCTC 
AACTACATCT CACACTCACT CATCTCTACA TCTAC 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 110 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCACTCACTA CCACTCTACT ATAACCCTCC CCTATTCCAA AATTACATCC TATTCCAAAA 
TTACAAACTT ATCTCAACTA CATCTCACAC TCACTCATCT CTACATCTAC 
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(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

Gly Gly Phe Leu 
1 

(2) INFORMATION FOR SEQ ID NO: 11: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 ammo acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID TO: 11: 

pro Gly Phe I* eu 
1 

(2) INFORMATION FOR SEQ ID NO:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:12 

Tyr Gly Gly Phe Leu 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Tyr Pro Gly Phe Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Pro Gly Gly Phe Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Pro Pro Gly Phe Leu 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Phe Leu Phe Leu Phe 
1 5 
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WR CLAIM: 

1. A synthetic oUgomer Ubrary comprising a plurality of different 
members, each member comprising an oligomer composed of a sequence of 

5 monomers linked to one or more identifier tags identifying the sequence of 
monomers in said oligomer. 

2. The library of claim 1, wherein said linkage between said oligomer 
and said identifier tag comprises a solid support. 

3. The Ubrary of claim 2, wherein said linkage between said oligomer 
and said identifier tag comprises a linker between said identifier tag and said solid 
support and a linker between said solid support and said oligomer. 

1 5 4. The library of claim 1, wherein said linkage between said oligomer 

and said identifier tag comprises a linker between said oligomer and said identifier 
tag. 

5. The library of claim 2, wherein said linkage between said oligomer 
2 0 and said identifier tag comprises a linker joining said oligomer and said identifier tag 

to which linker said solid support is also joined. 

6. The Ubrary of claim 1, wherein said linker comprises a first bead 
linked to a second bead, wherein said oUgomer is attached to the first bead and said 

2 5 identifier tag is attached to the second bead. 

7. The library of claim 1, wherein said identifier tag is attached to 
said oUgomer. 

30 8 . The Ubrary of claim 1 that has about 106 different members. 

9. The Ubrary of claim 1, wherein said oUgomer is a peptide. 



35 



10. The library of claim 1, wherein said identifier tag is a fluorescent 

marker. 
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H. The library of claim 1, herein said identifier tag is an 
oligonucleotide. 

17 The library of claim 2, wherein: 
* has greater than about 106 members; 

5 ii) the oligomer is a peptide; and 

iU) the identifier tag is an oligonucleotide. 

comprising the steps of: ^ ^ a plurality of ieacti on 

VeSSdS '' b ) exposing said supports in each reaction vessel to a first 

VeSSdS; e) exposingsaidsupportsineachreactionvesseltoasecond 

monomer; and ^ ^ ^ g) ^ at least one t0 twenty 

times. 

iderltifiet BgS idandfying 5ald oligomer sequent ^°» e « 

— -J- SSI,— r— - 

30 VeSS6lS; b ) cxposingsaidsupportsineachreactionvesseltoafirst 

oligomer monomer and to a first identifier tag; 

pooling said supports; 
d) apportioning said supports among a plurahty of reactxon 

35 vessels; 



15 

monomer; 



20 



times 

25 
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e) exposing said supports to a second oligomer monomer and 
to a second identifier tag monomer; and 

f) repeating steps a) through e) from at least one to twenty 

times. 

5 

15. The library of claim 14, wherein said oligomer sequence is a 
peptide, and said identifier tag is an oligonucleotide. 

16. The library of claim 15, wherein said identifier tag comprises 
1 0 purine analog bases. 

17. The library of claim 14, wherein said oligomer is cleaved from the 
solid support after completion of oligomer synthesis. 

1 5 18. A method of preparing a tagged synthetic oligomer library 

comprising a plurality of different members, each member comprising a solid support 
having attached a single oligomer sequence and one or more identifier tags 
identifying said oligomer sequence, said method comprising the steps of: 

a) apportioning said supports among a plurality of reaction 

20 vessels; 

b) reacting said supports in each reaction vessel with a first 

oligomer monomer; 

c) reacting said supports in each reaction vessel with a first 

identifier tag; 

25 d) pooling said supports; 

e) apportioning said pooled supports among a plurality of 

reaction vessels; 

f) reacting said pooled supports in each reaction vessel with a 

second oligomer monomer; 
30 g) reacting said pooled supports in each reaction vessel with a 

second identifier tag; and 

h) repeating steps a) through g) from at least one to twenty 

times. 

3 5 i9. The method of claim 18 wherein said solid supports in each 
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monomer. 

20 A solid support comprising a first particle attached to a second 

^r^^r=rr^=; 

of identifier tags identifying said oligomer sequence. 

22. The method of claim 21, wherein said identifier tag monomer is a 
1 5 fluorescent marker. 

23. The method of claim 21, wherein said identifier tag monomer is a 
nucleotide or oligonucleotide. 

20 2 4. The method of claim 23, wherein said oligomer monomer is an 

amino acid, peptide, or combination thereof. 

25. The method of claim 24, further comprising the steps of 
^plifying said identifier tag sequence, thereby forming an amphfied rdentifier tag, 
25 and sequencing said amplified identifier tag. 

26 The method of claim 21,wherein after the addition of a first 

tag. 

30 27 AmethodofsyrtteslztagaptptideandanoUeonuckottdeca 

a cdv esi U W ld^ P aa I « We o f p I o tt c Bn8g ,oup an da Se c»»d W o f ac tt v e s ltt 
35 blocked with a second type of protecting group; 
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10 



b) reacting said solid support with an activator toremove said first 
type of protecting group thereby exposing said first type of active site; 

c) coupling an oligonucleotide monomer or an oligonucleotide to 

said first type of active site; 

d) reacting said solid support with an activator to remove said 
second type of protecting group thereby exposing said second type of active site; 

e) coupling a peptide monomer or peptide to said second type of 
active site; and 

f) repeating steps (b) through (e) from one to twenty times. 

28. The method of claim 27, wherein said solid support comprises 
polystyrene/polydivinylbenzene/polymethylmethacrylate COOH beads. 

29. The method of claim 27, wherein said Afunctional solid support 

1 5 contains an amine active site and a hydroxyl active site. 

30. The method of claim 27, where said Afunctional solid support is 

produced by: 

(a) derivatizing polystyrene/ poly divinylbenzene/ 

2 0 polymethylmethacrylate COOH beads with a 4,9<uoxa-l,12-dodecanediamine linker; 

(b) treating said beads with 4-Fmoc-aminobutyric acid and 4-p,p- 
dimethoxytrityl-hydroxybutyric acid in the presence of HBTU, HOBt and DIEA. 

31. The method of claim 27, wherein said oligonucleotide is 

2 5 assembled using 3^(aUyl N^-diisopropyl-phosphoramidites) of 5'-DMT derivatives 
of: 

(a) N^auyloxy)carbonyl-7-deaza-2'deoxyadenosine; 

(b) N4-(allyloxy)carbonyl-2 , deoxycytidine; 

(c) N2.(allyloxy)carbonyl-7-deaza-2'deoxyguanosine; and 
30 (d) thymidine. 



32. The method of claim 27, wherein said oligonucleotide is 
assembled using photochemically removable protecting groups on said nucleotides. 
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